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Abstract

Time series are widely used in econometrics, finance, biostatistics,
industrial metrology and other fields. This book studies the theoretical
property and practical application of complex time series, including sta-
tistical inference for the distribution function of time series, functional
time series and multi-step-ahead prediction interval of locally stationary
time series.

For the distribution function of time series, its Kolmogorov-Smirnov
type simultaneous confidence bands (SCBs) are proposed based on sim-
ple random samples (SRSs) drawn from realizations of time series, to-
gether with smooth SCBs using kernel distribution estimator (KDE) in-
stead of empirical cumulative distribution function of the SRS. All SCBs
are shown to enjoy the same limiting distribution as the standard Kol-
mogorov — Smirnov for I.I.D. sample, which is validated in simulation
experiments on various time series. Computing these SCBs for the stan-
dardized S&P 500 daily returns data leads to some rather unexpected
findings, i.e., student’s t-distributions with degrees of freedom no less
than 3 and the normal distribution are all acceptable versions of the stan-
dardized daily returns series’ distribution, with proper rescaling. These
findings present challenges to the long held belief that daily financial re-
turns distribution is fat-tailed and leptokurtic.

For stationary functional time series data with infinite moving aver-
age structure, statistical inference for its mean function is investigated.

B-spline estimation is proposed for the temporally ordered trajectories
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of the functional moving average (FMA), which are used to construct
a two-step estimator of the mean function. Under mild conditions, the
B-spline mean estimator enjoys oracle efficiency in the sense that it is
asymptotically equivalent to the infeasible estimator which is the sample
mean of all trajectories observed entirely without errors. This oracle ef-
ficiency allows for the construction of SCB for the mean function which
is asymptotically correct. Simulation results strongly corroborate the
asymptotic theory. Using the SCB to analyze an electroencephalogram
time series reveals strong evidence of trigonometric form mean function.

To construct multi-step-ahead prediction interval of locally station-
ary time series, the nonparametric regression model with auto-regressive
errors for equally spaced design is extended to the time series setup.
A B-spline estimator for the trend function as well as a kernel estima-
tor for the variance function are proposed. Prediction interval of multi-
step-ahead future observation is also constructed after fitting the auto-
regressive model of errors and obtaining the quantile of prediction resid-
uals. The proposed method is illustrated by various simulation studies
and an example of air pollutants data, which contains 8 years of daily
air pollutants concentration in Xi’an. Final results demonstrate that the
proposed method outperforms others for its higher prediction accuracy

and wider applicability.

Key Words: simultaneous confidence band; functional time series; pre-

diction interval; kernel smoothing; B-spline
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